Schistosomiasis is caused by infection with the parasite *Schistosoma*, which is a flat-worm or fluke. The dominant species are *Schistosoma mansoni*, *Schistosoma japonicum*, and *Schistosoma haematobium*. Schistosomiasis is the third most common parasitic disease in the world after malaria and amoebiasis. It is endemic in more than 70 countries affecting about 200 million people worldwide, of whom 80% are in sub-Saharan Africa.\[[@ref1][@ref2][@ref3][@ref4]\] There are pockets of infection in North-Eastern Brazil, near the Yangtze River in China, and some pockets in South East Asia. In the East Mediterranean regions, the *Schistosoma* have been reported in Iraq and Egypt as well as in Sudan.\[[@ref5]\] The latter has the highest infection rate nowadays, particularly in the Al Jazeera area, due to the poor *Schistosoma* control program. In the Arabian peninsula, schistosomiasis has been reported in the southwest part of Saudi Arabia, mainly in the Asir province and Jizan province, which lay in the southwest corner of Saudi Arabia and directly north of the border with Yemen.\[[@ref6][@ref7][@ref8]\] The efforts to control schistosomiasis have been very successful in Saudi Arabia due to the irrigation system control. However, the infection is prone in Yemen, where the schistosomiasis control is much less strict. Thus as a result, the problem still exists due to transmigration of the populations from both countries.

The *Schistosoma* worm usually resides in humans and animals in targeted organs, which are the liver and the gastrointestinal tract for *S. mansoni* or *S. japonicum*, and the urinary tract for *S. haematobium*. The worms may reside there for 30 years or more, where both male and female worms excrete eggs. The parasites are immunologically inert and cannot be identified by the human body, but the eggs are highly antigenic and the cause of disease. The eggs will produce pathological changes, mainly complex granuloma, which, after it has been resolved, will end-up with fibrous tissues, and cause diverse forms of fibrosis in various organs. In the liver, for example, the eggs will be trapped in the periportal venules, ultimately causing periportal fibrosis, which will eventually causes obstructions and lead to portal hypertension. The same pathology applies to the bladder and urinary tract by *S. haematobium*. Some of the eggs will be excreted, either by urine in case of *S. haematobium*, or, in the case of *S. mansoni* or *S. japonicum*, by the bowel. When the egg finds itself in fresh water, it will hatch to a small form, called miracidium. This form will find a host in the form of fresh water snails of a specific species, depending on the species of the *Schistosoma*, and it will undergo an extensive transformation that may lead to the formation of the second form called cercaria. The cercaria will be released back into the fresh water from the snails, where it will live for about 24 h. During that period, it will be able to penetrate into the skin of humans or animals in contact with the fresh water. If it succeeds, it will enter into the venous system, travel to the lung, and there undergo another transformation, which will later migrate to the final destination of either liver or urinary tract, where it will live as a flat-worm for 30 or more years, excreting eggs.\[[@ref9]\]

The eggs will produce a severe localized immunological reaction characterized by granuloma formation with various different types of cells, and this will invoke both type 1 and 2 immunological reactions and excretion of various cytokines and other immunological mediators. Recent studies have shown that many of these cytokines will be responsible for remodeling and fibrosis.\[[@ref10][@ref11][@ref12]\]

Some of the eggs may escape to other tissue, particularly to the lung, through collateral circulation, probably because of the reopening of some collateral vessels due to portal hypertension. They will be trapped in the small arterioles, and can induce granuloma. The immunological reaction triggered by these granuloma can modify the blood vessels adjacent to it, and this will likely cause some remodeling of the vessels.\[[@ref11][@ref12][@ref13][@ref14]\]

Lung tissues collected at autopsy from patients who died of schistosomiasis-related pulmonary arterial hypertension (schist-PAH) revealed a large number of granulomas in addition to a severe remodeling process including severe media hypertrophy, and even formation of plexiform lesions.\[[@ref15]\] The importance of the immunological reaction has been manifested in the finding that patients treated with praziquantel reduced the incidence of pulmonary hypertension (PH), likely because praziquantel kills the *Schistosoma* worms and thereby reduces the number of eggs deposited in the tissue. This reduces the antigenicity load and thus the incidence of granuloma.\[[@ref16]\]

Recent findings have shown that interleukin-4 (IL-4) and IL-13 (IL-13 is a key mediator of to several type II reactions) contributes to the development of the remodeling and fibrosis in the pulmonary vessels which may lead to PH.\[[@ref13]\] Furthermore, the transforming growth factor-beta signaling, which is well-known to play an important part in the pathophysiology of the PAH\[[@ref17][@ref18]\] has also been shown to influence the pathophysiology of PAH secondary to schistosomiasis. However, in the mouse models, the rodent overexpression of IL-6 is inadequate to cause experimental PH, while a blockade of IL-6 suppresses hypoxia-induced PH.\[[@ref19]\] It is therefore concluded that IL-6 could also be one of the cytokines responsible for balancing the remodeling process of the pulmonary vascular diseases secondary to *Schistosoma* eggs-induced granuloma.\[[@ref20]\]

Clinical Presentation {#sec1-1}
=====================

Patients with schistosomiasis could be asymptomatic, whereby only a very severe remodeling of the vessels through a high antigenicity load of eggs from the *Schistosoma* can produce PAH.\[[@ref11]\] These patients generally present with a classical form of PAH, including a significant increase in the pulmonary vascular resistance and consequently right heart failure.

The diagnosis follows the same line as patients with suspected PAH. This may involve transthoracic echocardiography, which can provide an initial data about the severity of the right ventricular functions, and probably give some indication of the PH through the measuring of the tricuspid jet regurgitation. However, the gold standard for the diagnosis is still through right heart catheterization (RHC), to provide direct measurement of the mean pulmonary arterial pressure, and also assess the right ventricular function and pulmonary artery wedge pressure (PAWP). In addition, acute vasodilator challenge may be performed, either through inhaled nitric oxide or intravenous prostacyclin, to determine if the patient is a candidate for calcium channel blocker therapy as per the current guidelines. However, in recent studies, none of the 54 patients with schist-PAH that underwent RHC had significant vasodilatory response.\[[@ref21]\] In another study, only 3 of 84 patients with schist-PAH had acute vasodilatory response.\[[@ref22]\] It is worth to mention that about 13% of patients will also have left ventricular function with the increase of the PAWP.\[[@ref23][@ref24]\]

To assess causality, it is important to rule out other causes of PAH, and to ensure evidence of previous schist-PAH,\[[@ref9]\] as well as the presence of the prehepatic portal hypertension in the majority of patients.\[[@ref21][@ref23][@ref24][@ref25]\] We do not yet have biomarkers or any other clinical criteria to associate PAH with schistosomiasis in these cases. Methods for diagnosing *Schistosoma* infection using clinical, subclinical, or biochemical morbidity markers are not specific, given the generalized presentation of schistosomiasis. Eggs in the stool could be helpful in the diagnosis using common technique like the Kato-Katz method,\[[@ref25]\] but many patients become egg-free, indicating egg-free stools can also be found in patients known to have Schist-PAH[1\*](#fn1){ref-type="fn"}. Recent findings from Brazil have noticed that 7-10% of patients with Schist-PAH also have associated portal hypertension.\[[@ref23][@ref24]\]

Using serological tests for schistosomiasis can be helpful[2\*](#fn2){ref-type="fn"}, but due to limitations in test sensitivities, it is recommend to use two or more assays in parallel.\[[@ref26]\] However, patients who have lived in the endemic area are unlikely to have positive serological tests due to prior infections. Indirect methods include evidence of peripheral blood eosinophilia, hepatomegaly and splenomegaly, which develop in some patients as biochemical markers of liver fibrosis. Measured in serum[3\*](#fn3){ref-type="fn"}, these specific tests have the potential to provide highly sensitive and cost-effective methods for assessment of *Schistosoma* induced fibrosis. A biopsy of the liver may be necessary in some patients with co-infection (e.g., with hepatitis virus).\[[@ref2][@ref4][@ref9]\]

Treatment of Schistosomiasis Associated with Pulmonary Arterial Hypertension {#sec1-2}
============================================================================

There are no clinical trials to confirm the application of any of the current therapies for PAH. Our current evidence is mainly observational from various centers all over the world \[[Table 1](#T1){ref-type="table"}\].
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It is important to determine if active schistosomiasis infection is present, as treatment with an antihelmintic drug, such as praziquantel, is warranted. This will help to reduce the antigenic load, thus reducing the granuloma, and probably prevent further deterioration.\[[@ref16]\] Other measurements for the consequences of infection, such as corticosteroids, may be useful, but it is uncertain whether they have any effect on the PAH.

Few case series, mainly from Brazil, have documented the successful treatment of schist-PAH with target therapies of PAH with drugs such as phosphodiesterase-5 inhibitors, or endothelial receptor antagonists,\[[@ref27][@ref28][@ref29][@ref30]\] or a combination of both therapies. Some patients have also used inhalations therapies with iloprost[4\*](#fn4){ref-type="fn"}. In these small series, there was a significant improvement of the 6-min walk distance accompanied with the improvement of WHO functional class and hemodynamic parameters. In one study, cardiac magnetic resonance imaging showed a significant increase in right ventricular ejection fraction.\[[@ref30]\]

The Prognosis of Schistosomiasis Associated with Pulmonary Arterial Hypertension {#sec1-3}
================================================================================

The prognosis of schist-PAH has not been systematically studied. Initial small observations noticed that the survival rate for patients with schist-PAH was not lower than patients with idiopathic PAH (IPAH) despite the lack of treatment (as treatment for schistosomiasis-associated PAH was not authorized at the time of the study).\[[@ref21]\] However, the diagnosis of schist-PAH when compared to IPAH had a small (but not significant) increased hazard ratio for death of 1.16 (95% confidence interval range 0.29-4.68; *P* = 0.84).
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There are serological tests available using different techniques like indirect immunofluorescent-antibody tests, indirect hemagglutination assays (IHAs), and enzyme-linked immunosorbent assays (ELISAs) etc. and using different antigens.\[[@ref8][@ref25][@ref26]\]

Example: (pro-collagen peptides type III and IV, the P1 fragment of laminin, hyaluronic acid, fibrosin, tumour necrosis factor αR-II, and sICAM-1)
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